ABSTRACT Experiments were conducted to determine the tryptophan (Trp) requirement of 10-to 20-kg pigs. A Trp-deficient experimental diet (. 11% total Trp, 18% CP, 3,320 kcal of MEikg) was composed of corn, feather meal, corn gluten meal, soybean meal, and dried whey. True digestibility of Trp in the experimental diet was 70% (.077% digestible Trp) as established in a digestibility assay that involved cecectomized, adult cockerels (Exp. 1). An initial pig study (Exp. 2) verified that the experimental basal diet, when fortified with sufficient L-Trp, was capable of producing growth rate and feed efficiency similar to that of pigs fed a conventional corn-soybean mealdried whey diet (18% CP, 3,320 kcal of ME/kg). In Exp. 3, crossbred pigs with an average BW of 10.9 kg were fed the Trp-deficient basal diet supplemented with 0, .015, .030, .045, .060, and .075% L-Trp. In Exp. 4, crossbred pigs that averaged 9.5 kg were fed the basal diet fortified with .030, .045, .060, and .075% LTrp. By examining the data from E X~. 3 and 4 together, the digestible Trp requirement for maximum daily weight gain was estimated to be .14% of the diet. Assuming an 88% true digestibility of Trp in commercial diets based on corn and soybean meal (calculated from published data), the total Trp required in practice would be .,16% ( 3 9 % of the dietary protein).
Introduction
Tryptophan ( Trp) is often second-limiting in swine diets, especially in reduced protein corn-soybean meal diets (Sharda et al., 1976; Evans and Leibholz, 1979; Russell et al., 1983) . As crystalline Trp becomes more economical, and diets are formulated using the concept of ideal protein, it is desirable t o have accurate information on the dietary requirement for Trp. The literature-reported Trp requirement estimates of 10-kg pigs are confusing and controversial.
The requirement values range from as low as .12% to as high as .20% (Boomgaardt and Baker, 1973; Borg et al., 1985a; Uttecht et al., 1991) . When these values are expressed on the basis of dietary protein, the variation is even greater, fluctuating from .69 to 1.52%. Much of the variation is due to problems in accurately determining Trp, especially bioavailable Trp, in the feed ingredients used to construct basal 'Supported in part by funds provided by Ajinomoto, Inc., Tokyo, Japan. 2To whom correspondence should be addressed: 328 Mumford Hall, 1301 West Gregory Drive.
Received February 12, 1992 . Accepted September 1, 1992 J. Anim. Sci. 1993. 71:139-143 diets. Additionally, the dietary protein levels in Trp studies have varied extensively. Griminger et al. (1956) , as well as Boomgaardt and Baker (1971) with chicks, and Boomgaardt and Baker (1973) with pigs, demonstrated that the Trp requirement varied with dietary protein level. The purpose of the present study was to determine the requirement for digestible Trp in 10-to 20-kg pigs using a Trp-deficient, complex diet that contained 18% CP and 3,320 kcal of MEkg.
Materials and Methods
Experimental Diet. An experimental basal diet (Table 1 ) was formulated to meet or exceed all NRC (1988) nutrient requirements of 10-to 20-kg pigs with the exception of Trp. Before formulation, all the protein-containing dietary ingredients (feather meal, corn, corn gluten meal, soybean meal, and dried whey) were analyzed for CP content (AOAC, 19901, and amino acids in the basal diet were quantified by ion-exchange chromatography (Beckman Model 6300, Beckman Instruments, Palo Alto, CA) following 24-h acid hydrolysis (Spackman et al., 1958) . Tryptophan was determined following alkaline hydrolysis (Sato et al., 1984) . The basal diet was formulated to contain 18% CP, 3,320 kcal of ME/kg, and . l l % total Trp. General Procedures for Pig Assays. Three experiments were conducted with crossbred pigs weaned at 4 wk of age. The pigs were fed a standard 20% CP cornsoybean meal-dried whey starter diet until they achieved an average weight of 10 kg (approximately 6 wk of age). They were then allotted to experimental treatments and pens randomly from uniform blocks based on ancestry and weight. The pigs were maintained in a temperature-controlled nursery building with a 24-h constant light schedule. In Exp. 2 and 3, each experimental diet was fed t o four groups (pens) of three pigs each in 1.22-m2 nursery pens with solid partitions and expanded metal floors. Feed and water were supplied for ad libitum consumption. In Exp. 4, five pigs per treatment were housed individually in .86-m x .71-m metabolic cages. Pigs were fed to appetite three times daily at 0800, 1600, and 2200. Water was provided for ad libitum access. Body weight gain and feed consumption were determined weekly and at the termination of each experiment.
Experiment 1. Ten adult, cecectomized, Single
Comb White Leghorn cockerels were used to establish the true digestibility of Trp in the experimental basal diet. True digestibility of Trp in cockerels is similar to true digestibility of Trp in ileal-sampled pigs (Southern, 1991; Chung and Baker, 1992a) . Five cockerels were selected at random to receive a 30-g crop intubation of the basal diet, and the remaining five cockerels were given 30 g of a nitrogenfree diet (Table 2 , footnote b ) as a control to determine the endogenous excretion of Trp. Details of procedures used in the assay as well as cecectomy and bird care have been described previously . Cockerels were confined to individual collection cages, and excreta were collected in plastic trays during a 48-h quantitative collection period. Excreta from each cockerel were freeze-dried, weighed, ground through a 60-mesh screen, and then analyzed for Trp as described previously. True digestibility (percentage) of Trp in the basal diet was calculated as follows: ( [ M I -(AAEE -&EC)]/ M I ) x 100, where AA = amino acid, AAI = amount of AA fed to birds from the test diet, AAEE = amount of AA excreted from birds fed the test diet, and AAEC = amount of AA excreted from birds fed the nitrogen-free diet. (Table 1) Statistical AnaZysis. Data from the Trp cockerel digestibility assay were analyzed by ANOVA procedures appropriate for completely randomized designs (Steel and Torrie, 1980) . The experimental data from the pig experiments were subjected to ANOVA procedures appropriate for randomized complete-block designs (Steel and Torrie, 1980) . Tests for linear and quadratic effects were carried out with orthogonal single df comparisons. Differences among treatment means were evaluated by the least significant difference pairwise multiple-comparison procedure (Carmer and Walker, 1985) . The digestible Trp requirement was estimated by broken-line regression analysis methodology (Robbins, et al., 1979; Robbins, 1986) .
Results
True digestibility of Trp in the experimental basal diet was found to be 70% in the cecetomized cockerel digestibility assay (Table 2) . Thus, the basal diet contained .077% digestible Trp (.11 x .70%).
Average daily gain and feed efficiency of pigs fed the Trp-deficient basal diet were significantly ( P < .05) inferior to those of pigs fed the same diet fortified with a sufficient level of L-Trp ( Growth performance of the pigs in Exp. 4 responded to Trp supplementation similarly to that of the pigs in Exp. 3 (Table 5) . Broken-line analysis showed that maximum daily gain was achieved at .137 f .007% digestible Trp and maximum feed efficiency at .128 f .009% digestible Trp.
Discussion
Tryptophan requirement values that have been reported for young pigs during the past 20 yr have varied greatly (Table 6 ). Bioavailability of amino acids in feedstuffs differs extensively Southern, 19911 , but amino acids in crystalline form are essentially 100% bioavailable (Izquierdo et al., 1988; aData are means of four pens of three pigs for a period of 14 d; average initial weight was 9.8 kg.
bSee Table 1 for composition.
T h e positive control 18% CP diet contained: corn, 56.84; dehulled SBM, 27.34, dried whey, 10%; corn oil, 2%; and vitamin, mineral, and antibiotic premix as in Table 1 .
d,eMeans within columns bearing different superscript letters differ ( P < .05).
aData are means of five individually fed pigs for a period of 17 d; average initial weight was 9.5 kg.
bThe digestible Trp values were calculated by adding the determined digestible Trp value of the basal diet and the crystalline LTrp that was supplemented.
'Linear response ( P < ,051. dLinear and quadratic response ( P < .05). eTable 1 for composition. T h e s e values (from this paper) represent the total Trp needed in a corn-soybean meal diet. Calculations were based on the determined requirement for true digestible Trp of .14% divided by the true digestibility of Trp (88%) in corn-soybean meal diets (Southern, 1991) .
Baker, 1992a). Because of the wide variation in feed ingredients used to construct basal diets in Trp requirement studies, it is obvious that the contribution of bioavailable Trp differed from one basal diet to another. The wide range of dietary protein levels used in these studies also makes comparisons difficult to interpret because the Trp requirement is dependent on dietary protein level (Griminger et al., 1956; Boomgaardt and Baker, 1971, 1973) . Furthermore, most studies made no effort to validate the efficacy of the basal diet, when fortified with Trp, in comparison with a conventional corn-soybean meal diet. Dietary ME varied, also, in the diets used to estimate Trp requirement for young pigs.
Daily weight gain reached a plateau at .137% digestible Trp (Table 4) . Results from Exp. 4 (Table  5) were in close agreement with those of Exp. 3. In both experiments, optimal feed efficiency was achieved with less Trp than was the case for daily gain. Thus, there was a continued response in feed intake after feed efficiency was maximized, suggesting that the Trp requirement for maximal feed intake is greater than that required for maximal feed efficiency. Similar results were observed by Baker et al. (197 1) with Trp and by Chung and Baker (1992a) with methionine. Also, Chung and Baker (1992b) observed that maximal voluntary feed intake required more Trp than that required for maximal nitrogen retention.
Broken-line regression analysis indicated that .14% digestible dietary Trp was required for maximum growth rate of 10 to 20-kg pigs fed an 18% CP diet containing 3,320 kcal of MEkg of diet. To convert this requirement value to a typical 18% CP corn-soybean meal diet situation, in which Trp true digestibility is assumed t o be 88% (Southern, 19911 , a total Trp requirement of .16% of the diet is derived. If one accepts .95% lysine as the requirement of 10-kg pigs (NRC, 19881 , the Trp requirement as a percentage of the lysine requirement is 17%. Our estimate of the Trp requirement (.16%) for 10-kg pigs fed an 18% CP corn-soybean meal diet is greater than the current NRC recommendation of .14% (NRC, 1988) . Recent work by Sat0 et al. (19871, Burgoon and Knabe (19901, Uttecht et al. (19911, and Chung and Baker (1992b) has suggested that .14% Trp is inadequate for 10-kg pigs.
Implications
The digestible tryptophan (Trp) requirement of pigs in the weight range 10 to 20 kg was found to be .14% of diet. When extrapolated to a total Trp requirement for 10-kg pigs fed an 18% crude protein corn-soybean meal diet, the requirement is .16% of the diet. The Trp requirement for maximal weight gain was greater than for maximal feed efficiency. The data indicate that the current requirement estimate for Trp is too low. AOAC. 1990 
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